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l  CALIBRATION  OP  THE  NOL  LARGE  SCALE  GAP 

TEST  WITH  A  PENTOLITE  DONOR  II 

;  \ 

;  f  The  work  described  in  this  report  was  carried  out  under  Task 

ORD  331-002/092-1/UF19-332-302  (Propellant  and  Ingredient  Sen- 
f  j  sitivity),  It  presents  the  calibration  data  (pressure  vs  gap 

’i  i  thickness)  for  the  NOL  large  scale  gap  test  with  a  standard 

*  pentollte  donor.  This  information  is  of  importance  to  the  study 

of  shock  sensitivity  of  explosives  and  propellants. 
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CALIBRATION  0?  THF  SOL  LARGE  SCALE  CAP  TEST  WITH  A  FESTOLITE  DQXCR  II 


IHTRQDUCTXON 

Because  SC®,  Macon,  Georgia,  nas  bwn  cioeed,  there  ie  oo  longer  a  satisfac¬ 
tory  source  of  tetryl  pellets  for  use  as  a  standard  donor  in  the  large  scale  gap 
teat-  (LSCT).  Henceforth,  the  standard  donor  vill  be  50/50  pentolite  pressed  to 
a  density  of  1<  56  g/cc;  pellets  will  be  supplied  by  SAD,  Crane,  Indiana,  (Federal 
Stock  No.  1375-991-8691)*  It  is  the  purpose  of  this  report  to  present  the  cali¬ 
bration  curve,  pressure  vs  thickness  of  polymethylmethacrylate  (PMMA)  attenuator, 
most  in  accord  with  air  present  knowledge  of  the  p»ntolite/EMMA  system  in  the 
L3GT. 


EXPERIMENTAL 

The  E£GT  is  fully  described  in  Reference  (l).  It  consists  of  a  doaor,  a 
PJfciA  gap,  a  moderately  confined  test  ciiarge  (acceptor),  and  a  mild  steel  witness 
plate.  The  gap  length  is  varied  until  the  50?  value  is  found;  it  is  that  length 
of  attenuator  at  which  a  hole  is  punched  in  the  witness  plate  in  503C  of  the 
trials.  The  50£  gap  is,  in  fact,  that  length  of  attenuator  which  permits  trans¬ 
mission  of  the  critical  pressure  required  to  initiate  the  acceptor  explosive  to 
detcuafcian.  Because  the  aagjlitu.de  of  the  shock  transmitted  from  the  donor  to 
the  PMMA  is  complexly  related  to  the  gap  thickness,  the  test  must  be  calibrated. 
We  are  concerned  here  with  the  call brat ice  curve  obtained  with  a  5-08  cm  diem 
x.  5.08  ca  long  donor  of  50/50  pentolite  at  I.56  g/cc  used  to  shock  load  a  5.08  cm 
dim  cylinder  of  PH4A, 


Th»  first  lot  of  pentolite  pellets  was  made  at  HGLr,  and  a  calibration  of 
the  penthllte/PMMA  system  was  carried  out  with  then".  Our  usual  procedure  is  to 
ToLlov  th e  shock  front  in  the  FJfiiA  with  a  streak  camera*  The  records  give 
positive  (>:}  vs  time  (t)  data  which  must  be  differentiated  to  obtain  the  desired 
shock  velocity  (IT)  vs  X  data.  Once  the  U  vs  X  data  are  obtained,  they  can  be 
converted  to  pressure  (P)  vs  X  data  through  the  F?#5A  shock  HUgoaiot  .  Aacng 
the  problems  involved  axe  (a)  obtaining  accurate  X  vs  t  data,  and  (b)  differen¬ 
tiating  them  properly.  Of  these,  the  latter  is  by  far  the  more  difficult  problem. 
In  the  first  work,  a a  analytical  procedure  ana  a  graphical-procedure  gave  values 
of  U  which  differed  by  t.3  much  as  0.3  mm/psee  at  X  <  20  ass  . 

Subsequent  calibration  work1*  led  to  a  revision  of  the  TJ  vs  X  curve  (obtained 
from  the  same  X  vs  t  data).  It  also  shoved  the  advantage  of  working  with  U  va  X 
rather  than  ?  vs  X,  inasusicn  as  conversion  of  U  to  P  magnified  differences  by  a 
factor  of  3  or  k*  Finally,  it  demonstrated,  with  Record  iMfA,  that  three  graphi¬ 
cal  methods  of  differentiating  the  same  X  vs  t  data  (considered  equivalent)  gave 
differences  in  the  U  va  t  data  shown  in  Table  1;  the  maximum  spread  is  0.25 
asa/ysec.  A  later  numerical  treatment  of  the  same  X  vs  t  data  by  use  of  a  spline 
function  gave  a  U  vs  X  cur  <?«  below  those  obtained  by  the  three  graphical  methods 
and  increased  the  maximum  difference  between  methods  to  about  O.b  raa/wsee  for 

1 


JfOLTR  70-25 


I 

; 


h  i 


t  ? 


X  <  50  mas.  These  different  U  vs  X  from  the  same  X  vs  t  data  are  described  to 
essphaeize  the  difficulty  of  choosing  a  method  of  differentiation.  It  Is  not  a 
prob lea  that  we  can  expect  to  solve,  csiiy  to  minimize.  It  is  one  that  will  be 
under  continuing  study  because  there  is  .sc  physical  basis  for  choosing  a  "corrcor1' 
IT  vs  X  curve. 

The  second  lot  of  peatolite  pallets  was  obtained  from  Crane.  They,  too, 
have  been  used  in  a  calibration  study-*,  and  from  the  four  shots  raade,  X  vs  i 
data  were  read  at  much  closer  intervals  than  in  the  first  3tudy.  The  X  vs  t 
data  of  the  first  study  fit  into  the  X  vs  t  data  of  the  second  for  X  <  50  am, 
i.e. ,  there  seems  no  experimentally  significant  difference  between  the  tw  sets 
of  position  **  time  data.  The  more  recent  set  of  data  has  been  differentiated 
numerically^.  It  is  not  surprising  that  the  U  vs  X  curve  differs  from  the  best 
graphical  treatment1*  by  0.4  to  0.05  asm/ usee  over  the  range  of  5  to  50  nan  in  X. 
Unfortunately,  as  we  indicated  above,  there  is  as  yet  n :  method  of  selecting 
the  more  accurate  curve.  Hence,  at  the  present  time,  and  pending  the  results 
of  continuirg  studies,  the  two  U  vs  X  curves  will  be  averaged  X  <  50  mm;  the 
more  recent  values  (numerical  differentiation)  will  be  used  at  X  >  50  mm. 

This  choice  is  also  based  in  part  on  the  results  of  2-D  flow  computations 
described  below. 


2-D  COMPUTATIONS 


He  have  long  needed  a  hydrodynamic  2-dimej38ic©al  computation  of  tne  complex 
flow  in  the  shocked  B#iA  to  assist  in  interpreting  the  gap  test  results.  Two, 
attempts  have  now  been  made,  each  with  variants  of  the  HZMF  code.  The  first  b 
used  14  zones  per  inch  of  PMKA,  which  produced  a  P  vs  X  curve  shoving  a  number 
of  oscillations;  these  might  be  caused,  by  either  the  coarse  zoning  or  complex 
interactions  of  shock,  compression  and  rarefaction  waves  or  both.  The  second- 
used  20  zones  per  inch  and  showed  a  smooth  U  vs  X  curve.  (The  zoning  does  not 
sees  to  he  sufficiently  fine  to  account  for  the  result;  some  smoothing  of  the 
data  must  have  been  a  part  of  deriving  the  U  vs  X  curve, )  Neither  computation 
shews  a  sharp  dip  in.  U  far  X  >  JO  am  shown  in  the  best  graphically  derived  curve 
for  pentollte.  Lot  1\  It  was  an  this  basis  as  well  as  a  significant^difference 
in  the  X  vs  t  data  (X  >  50  mm)  of  Lot  1  from  the  X  vs  t  data  of  Lot  ??  that  the 
former  have  been  discarded. 


It  is  evident  that  neither  of  the  hydrodynamic  calculations  seems  completely 
satisfactory,  and  that  they  are  not  completely  consistent  with  each  other.  Until 
a  better  description  of  the  flow  can  be  obtained,  we  shall  assume  that  the  P  vs  X 
curve  for  pentollte  (1.56  g/cc)  should  be  similar  to  that  of  tstryl  (1.51  g/ce). 

In  fact,  this  pressed  pentollte  was  chosen  because  of  its  similarity  to  tetryl. 

In  other  words,  the  pentollte  ?  vs  X  curve  should  be  as  free  of  oscillations  as 
the  currant  curve  for  tetryl. 

CHOICE  OF  CALIBRATION  CURVE 

As  in  the  case  of  the  calibration  with  tetryl,  values  of  pressure  at  small 
attenuation  (X  <  10  cm  F!#4A)  are  considered  nominal.  Data  for  X  >  10  mo  are 
extrapolated  back  to  a  value  at  X  0  corresponding  to  the  pressure  entering  the 
WHK  If  the  incident  pressure  is  the  C-J  pressure  for  pentollte.  /This  boundary 
pressure  should  actually  he  that  Induced  by  the  von  Neumann  (not  the  C-J)  pressure 
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of  the  donor.  However,  we  are  not  yet  able  to  make  good  pressure  measurements 
at  small  values  of  X  in  the  gap  test.  The  electromagnetic  method,  which  measures 
particle  velocity  (u)  directly, -has  been  used  to  verify  the  tetryl  calibration 
curve  at  X  *  10,  20,  and  25  mm.  The  P  values  obtained  from  the  measured  u 
were  well  within  the  expected  accuracy  (±10$)  of  the  tetryl  calibration;  they 
differed  from  the  current  calibration  values  by  C$  and  1$  for  X's  of 
10,  20,  and  25  mm,  respectively^ 

Computations  of  detonation  parameters  at  several  densities  of  both  THT  and 
PETN  by  a  Ruby- like  code  are  given  in  Reference  (9)*  If  these  are  combined 
according  to  the  method  for  mixtures  given  in  Reference  (10)  and  interpolated 
to  the  proper  density,  C-J  values  for  50/50  pentolite  at  1.56  g/cc  sure: 

B  =  7.2  naa/psec, 

u  *  1.92  mm/ usee, 

and  P  =  2l6  kbar 

The  isentrepe  from  this  point  was  taken  approximately  parallel  to  that  for  cast 
pentolite  (Walker- Sternberg  curves^-)  and  intersected  the  FW4A.  Jiugoaiot  at 

U  =  6.24  m/osec, 


u  =  2.28  na/liseC;; 


and  P  =  168  kbar 

Hence  our  nominal  values  at  X  *  0  ore  UQ  *  6.24  oa/iJsec  and  PQ  =  l68  kbar,  as 
shown  in  Tables  2  and  3. 

Table  2  contains  the  two  sets  of  U  vs  X  data  for  the  pentolite  donor  and 
their  average  for  the  range  X  <  50  nan.  It  also  gives  the  Reference  (5)  data 
selected  for  X  >  50  nan  and  the  corresponding  calibration  data  for  the  tetryl 
donor.  These  data  are  plotted  in  Figure  1  which  shows  the  U  vs  X  curve  (pentolite 
donor)  slightly  above  that  for  the  tetryl  donor  as  would  be  expected  from  the 
respective  computed  C-J  pressures.  Tne  two  curves  appear  to  become  coincident 
at  X  *  35  mm  (possibly  as  early  as  X  *  25  nan).  For  X  >  35  the  average  differ¬ 
ence  in  the  velocities  for  the  two  curves  is  0.-02  nan/usec;  the  maximum  is  0.05 
ran/usec  or  leas  than  2$  U.  The  maximum  value  is  less  than  the  average  difference 
(0.07  naa/wsec)  found  in  differentiating  the  same  X  vs  t  data  by  different  methods 
(Table  l).  Hence  it  cannot  be  considered  significant,  and  the  two  calibration 
curves  will  be  treated  as  coincident  for  X  >  35  mo. 

POr  X  <  35  mm,  only  one  additional  smoothing  adjustment  was  made.  The  value 
of  U  at  X  *  5  urn  was  increased  by  about  to  make  the  present  curve  more  similar 
in  shape  to  the  calibration  curvs  for  the  tetryl  donor.  This  is  in  the  region  of 
nominal  values  (i.e,,  X  <  10  m)  where  we  now  know,  from  electromagnetic  measure¬ 
ments  of  particle  velocity  in  muP,  that  both  calibration  curves  must  eventually 
be  revised. 
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Table  3  contains  the  data  selected  for  the  present  calibration  curve  of  the 
LSGT  with  a  50/50  pressed  pentolite  donor,  pc  =  1.5®  g/ce.  The  P  vs  X  data* 
are  plotted  in  Figure  2  where  the  calibration  for  the  tetryl  donor  is  also  shown 
for  comparison.  In  both  cases,  for  X  =  10  to  100  mm,  the  accuracy  is  believed 
to  be  12.5$  in  V  and  ±10$  in  P  or  better.  Largest  errors  would  be  expected  at 
the  two  extremes  of  the  range. 

The  revised  calibration  for  the  pentolite  donor  can  now  be  used  for  compari¬ 
son  of  P  measured  in  the  gap  te3t  with  the  two  different  donors.  Table  4  contains 
the  results  for  such  a  comparison  obtained  about  five  years  ago  with  pentolite 
pellets  troa  Lot  1.  With  the  present  calibration,  the  value  of  U  at  the  50$  point 
is  the  same  for  the  two  donors  to  ±0.5$  and  the  value  of  Pg  is  the  same  to  ±2$, 

The  previous  calibration  gave  differences  larger  by  a  factor  of  five. 

The  only  material  that  has  so  far  been  tested  with  both  pentolite  pellet.3. 

Lot  2,  and  tetryl  is  DATB.  The  results  were; 


Donor 

P 

T 


DATB  Acceptor  50$  Value 


PQ( g/cc) 

$  TMD 

Gap (cards) 

Gap(nm) 

Pg(kbar) 

1,667 

90.75 

139 

35.3 

35.1 

1.674 

91.13 

138 

35.0 

34.7** 

**  Becomes  34.9  when  corrected  to  pQ  =  I.667  g/cc. 


For  x  ~  35  mm  both  the  50$  gap  value  and  Pfe  were  the  same  to  within  less  than  i$ 
and  this  fact  lends  support  to  the  coincidence  of  the  two  calibration  curves  of 
Figure  2  at  X  >  35  am.  So  too  does  the  result  for  Coop  B-3  of  Table  4. 

The  gap  test  results  for  both  lots  of  pentolite  pellets  indicate  that  the 
5C$  pressure  is  the  same  as  that  measured  with  the  tetryl  donor.  Inasmuch 
as  the  pentolite  was  chosen  to  have  the  same  detonation  velocity  and  approximately 
the  saae  detonation  pressure  as  the  standard  tetryl  donor,  it  is  reasonable  to 
expect  that  the  pressure  pulse  it  produces  in  the  FJ44A  will  be  of  approximately 
the  same  shape  am  duration  as  that  produced  by  the  tetjyl,  if  so,  the  measured 
Pg  should  be  the  same  in  each  case,  as  it  appears  to  be. 


*  As  mentioned  earlier,  the  FhMA  HugcniotJ  was  used  to  convert  U  vs  X  data 
to  P  vs  X. 
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SUM4AHT 

The  calibration  curve  for  the  I£GT  with  50/50  pentollte  as  the  donor  has 
been  revised  in  the  light  of  additional  data  for  the  pentolite/PHHA  system  and 
a  better  knowledge  of  the  PVfriA  Eugcniot.  Work  will  be  continued  and  the  present 
curve  will  be  revised  when  new  data  indicates  that  a  revision  should  be  unde. 
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Table  1* 

SPREAD  U  VELOCITY  DATA  FOR  THREE  METHODS  OF  DIFFERBBIATIO* 


Mean  Value  Spread  la  U  values  frost  three 


methods,  ms/  M»ee 


0 

5.62 

0.25 

5 

5.28 

0.24 

10 

4.97 

0.22 

15 

4.66 

0.14 

20 

4.4o 

0.09 

25 

4.20 

0.02 

30 

4.05 

O.ck 

35 

3.86 

0.07 

4o 

3.66 

0,09 

45 

3.47 

0.06 

50 

3.36 

0.05 

55 

3*29 

0.04 

60 

3.23 

0.05 

65 

3.19 

0.08 

70 

3.15 

0.09 

75 

3.14 

0.00 

80 

3.22 

0.06 

*  Data  for  tetryl/PMHA  system.  Taken  from  Table  B1 
of  Reference  (4). 
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Table  2 

COMPARISON  OF  AVERAGE  SHOCK  VELOCITIES  IS  PKMA  FOR  PEJPTOLITE  AND  T3TRYL  DONORS 


Pentolite _  Tetryl(Ref  3) 


X  X 

(am)  (Vo.  Cards ) 

t r(Kf  5) 

injzrzw 

mm/ Msec 

U(Av.) 

U  jaa/usec 

0 

0 

. 

6.24 

6.00 

5 

19.7 

5.3V 

5.71 

5-52 

5-39 

10 

59.  v 

v.93 

5.25 

5.09 

4.94 

15 

59.0 

4.68 

4.84 

4,76 

4.63 

20 

78.7 

4.43 

4.49 

4.46 

4.39 

25 

98.4 

4.25 

4.20 

4.22 

4.19 

30 

118.1 

4.11 

3.96 

4.o4 

4.01 

35 

137.8 

3.90 

3.74 

3.82 

3.84 

Vo 

157.5 

3.71 

3.58 

3.65 

3.66 

45 

177.2 

3.58 

3.44 

3.51 

3.50 

50 

196.9 

3.42 

3.34 

3.38 

3.40 

5^.61 

215 

3.32 

« 

3.32 

3-3^ 

59.69 

235 

3.27 

3.27 

3.28 

64.77 

255 

3.26 

3.26 

69.85 

275 

3.25 

3.25 

3.20 

7k.  93 

295 

3-21 

3.21 

80.01 

315 

“3716 

3.16 

3.15 

85.09 

335 

3.16 

3.16 

50.17 

355 

3.15 

3.15 

3.12 

95.25 

375 

3.14 

3.14 

100.33 

395 

3.06 

3.06 

3.10 

*  Table 

Ak  data  at  X  >  50  m  discarded. 

See  text 
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Table  3 


CALIBRATION  DATA 

CHOSEN  FOR  LSGT  WITH  PENTOLITE  DONOR* 

X(am) 

Pg(kbar) 

U(  Mil/ Msec) 

u(nn/Msec) 

0 

(168) 

(6.24) 

(2.28) 

5 

(123) 

(5.58) 

(1.87) 

10 

93.7 

5.09 

I.56 

15 

76.3 

4.76 

1.36 

20 

£1.6 

4.46 

1.17 

25- 

5  0« 

4,22 

1.02 

30 

'4375 

4.o4 

0.913 

35 

35.7 

3.84 

0.788 

4o 

28,1 

3.66 

0.651 

45 

22.0 
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0.533 

50 

18.0 

3.4o 

0.449 

55 

14,9 

3.34 

0.378 

60 

12.4 

- 

0.320 

70 

9.2 

3.20 

0.244 

80 

7.4 

3.15 

0.199 

90 

6.2 

3.12 

0.168 

100 

5.3 

3.10 

0.145 

*  PETN/TRP,  50/50,  D0  *  I.56  g/cc.  Values  shewn  in  parentheses  are  only  notdn&l. 


Ao^rr»Tr,»N 


■®J 


Security  Classification 


KEV  WORDS 


KOUE  *  *T  ftOLE  WT 


Shock  Sensitivity 
large  Scale  Gap  lest 
Pentolite  Donor 
Calibration 


INSTRUCTIONS 


t.  ORIGINATING  ACTIVITY:  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  f corporate  author)  issuing 
the  report. 

2«.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
“Restricted  Data”  is  included.  Meriting  is  to  be  in  accord-  | 
ance  with  appropriate  security  regulations. 

:b.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200. 50  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Gtoup  3  and  Group  4  as  author¬ 
ized. 

3-  REPORT  TITLE:  Enter  the  complete  report  title  tn  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  ti'le  esnna*.  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  ir  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES  If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  prog-ess,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUfHOR(S):  Enter  the  n«me<9)  of  authorfs)  as  shown  on 
or  in  the  teport.  Ente*  Inst  name,  first  name,  middle  initial. 

If  military .  show  rank  and  branch  of  service-  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  more  than  one  date  appears 
on  tb*  report,  use  date  of  publication. 

7a.  TOTAL  Nt/&BFR  OF  PAGES:  The  total  page  count  ; 

should  follow  normal  pagination  procedures,  it,  enter  the 
number  of  pages  containing  information. 

7&.  NUMBER  OF  REFERENCES:  Enter  the  totai  number  of 
references  cited  in  the  report. 

Hat  CONTRACT  OR  GRANT  NUMBER-  If  appropriate,  enter 
flit  applicable  number  of  the  cont-sct  or  grant  under  which 
tiro  report  was  written. 

8ft,  8c,  it  Sd.  PROJECT  NUMBER-  Enter  the  appropriate 
csUitvy  department  identification,  such  as  project  number, 
subproject  nuroher,  system  numbers,  task  number,  etc. 

3a.  ORIGINATOR’S  REPORT  NUMBER'S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified  j 
and  controlled  by  the  originating  activity.  This  number  must  > 
be  unique  to  this  report.  t 

9*.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  tha  ttponnor),  also  enter  this  Humberts). 

10.  AVAIL  ABILITY/LIMITATION  NOTICES:  Enter  *ny  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.” 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  no:  authorized.” 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  “AH  distribution  of  this  repot!  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fset  and  enter  the  price,  if  known, 

11.  SUPPLEMENTARY  LOT  ES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Er4er  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  lor)  the  research  and  development.  Include  address. 

13  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall 
be  -attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  fTSj  (S).  (C).  or  (V) 

There  is  no  limitation  on  the  length  of  the  abstract-  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14  KEY  WORDS:  Key  words  are  technically  meaningful  term* 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rales,  and  weights  is  optional. 


Security  Classification 


